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Navigation technology is an advanced modern technology ,in the fields 
of maritime ,aerospace and military ,it has been used widely .It also has 
important military ,civilian and scientific value .Entering in the new 
century,with the rapid development of science and technology,people are 
constantly trying to combine different navigation systems to improve the 
accuracy and efficiency of instrument navigation and positioning 
system.According to people’s research focus,the paper focus on 
researching the combination of navigation systems and information fusion 
algorithm,the main contents are as follows: 
Firstly,detailed description of the working principle of the global 
positioning system and inertial navigation system,consisting of the 
structure,and according to these characteristics,building corresponding 
mathematical error model. 
Secondly，choose the two algorithms of Kalman filter and the least 
squares estimation,and use simulation to compare their characteristics. 
According to the results of simulation,by comparing the result of the 
least squares estimation and the result of Kalman filter ,conclude that 
the least squares is worse than Kalman filter.According to the conclude,we 
will know to choose what kind of filtering algorithm in the integrated 
navigation system. 
Finally,according to the above research,design a scheme of GPS/SINS 
integrated navigation system implementations,research a fusion algorithm 
of GPS/SINS integrated navigation system  which is based on Kalman 
filtering.On this basis,design a conventional Kalman filter,by MATLAB 
simulation ,according to the result of simulation,conclude that this 
design is more reasonable and effective.Conclude that using kalman filter 
to estimate the parameters in the GPS/SINS integrated navigation system 















the Kalman filter has an important role in the integrated navigation 
system. 
















第一章 绪论 ............................................. 1 
1.1   课题研究背景............................................ 1 
1.2   滤波理论发展现状 ........................................ 2 
1.3   本文的主要内容 ......................................... 4 
第二章 导航系统简介 .......................................... 6 
2.1    引言 .................................................. 6 
2.2    卫星导航系统(GPS)的基本工作原理 ........................ 6 
2.2.1    卫星导航系统的各个组成部分 ...................................................................... 7 
2.2.2    坐标系的定义 .................................................................................................. 9 
2.2.3    GPS导航系统的工作原理 ............................................................................. 10 
2.2.4    GPS导航系统的特点 ..................................................................................... 12 
2.2.5    GPS导航系统误差分析 ................................................................................. 13 
2.3    惯性导航系统(SINS)的基本工作原理 ...................... 15 
2.3.1   惯性导航系统组成的主要元器件 .................................................................. 16 
2.3.2   捷联式惯性导航系统的工作模型 .................................................................. 18 
2.4   组合导航系统工作原理与设计 .... ..........................21 
2.4.1    组合导航系统的设计要求 ............................................................................ 21 
2.4.2    组合导航系统研究的设计 ............................................................................ 22 
2.4.3    组合导航系统的设计方法 ............................................................................ 23 
2.4.4    组合导航系统的状态量的选取 .................................................................... 25 
2.4.5    直接法和间接法 ............................................................................................ 25 
2.4.6    输出校正和反馈校正 .................................................................................... 28 
2.5    本章小结 ............................................. 30 
第三章 Kalman滤波理论研究与仿真 ............................. 31 
3.1   引言 .................................................. 31 
3.2   卡尔曼滤波 ............................................ 31 
3.2.1 卡尔曼滤波估计 .................................................................................................. 31 
3.2.2 卡尔曼滤波误差分析 .......................................................................................... 33 
3.3  最小二乘估计 ........................................... 42 
3.4  仿真模型建立 ........................................... 44 
3.5  仿真实验 ............................................... 45 
3.5.1   仿真实验初始条件 .......................................................................................... 45 
3.5.2   仿真实验结果 .................................................................................................. 46 
3.5.3   仿真结论 .......................................................................................................... 49 
3.6    本章小结 ............................................. 49 
第四章 组合导航系统速度位置组合的仿真实现 .................... 50 
4.1   引言 .................................................. 50 
4.2   组合导航系统建模 ....................................... 50 
4.3   SINS/GPS组合导航系统卡尔曼滤波实现及仿真结果的分析 ..... 57 
4.3.1    输出校正的系统的结构 ................................................................................ 57 
4.3.2    轨迹发生器 .................................................................................................... 59 















4.3.4    陀螺仪 ............................................................................................................ 60 
4.3.5    常规 Kalman滤波器的设计 .......................................................................... 60 
4.3.6    仿真结果 ........................................................................................................ 63 
4.4   本章小结 ......................................... ......66 
第五章   总结与展望 ............................ ........67 
参考文献  ...............................................68 
硕士期间发表的学术论文 .................................. 72 





































CHAPTER1 Itroduction .................................... 1 
1.1   Background Reasearch.................................... 1 
1.2   Situation Filtering Theory Development .................. 2 
1.3    The Main Content ...................................... 4 
CHAPTER2 Navigation System Introduction .................. 6 
2.1    Introduction .......................................... 6 
2.2    The Basic Working Principle Of (GPS) ................... 6 
2.2.1    Various Components Of Satellite Navigation System ....................... 7 
2.2.2    The Definition Of The Coordinate System ........................................... 9 
2.2.3    The Working Principle Of GPS ............................................................... 10 
2.2.4    The Features Of GPS ................................................................................. 12 
2.2.5    The Error Analysis Of GPS ...................................................................... 13 
2.3    The Basic Working Principle Of SINS ................... 15 
2.3.1   The Main Components Of Inertial Navigation System ..................... 16 
2.3.2   The Working Model Of Inertial Navigation System ........................... 18 
2.4   Integrated Navigation System Design and Work ... 21 
2.4.1    Integrated Navigation System Design Requirements ..................... 21 
2.4.2    Design Of Integrated Navigation System ............................................ 22 
2.4.3    Integrated Navigation System Design methodology ...................... 23 
2.4.4    The State Quantity Selection Of Integrated Navigation System  25 
2.4.5    Direct And Indirect Methods ................................................................. 25 
2.4.6    Output Correction And feedback Correction .................................... 28 
2.5   Concludes Of the Chapter2 .............................. 30 
CHAPTER3 Kalman Filter Theory and Simulation Study ...... 31 
3.1   Introduction .......................................... 31 
3.3   Kalman Filter ......................................... 31 
3.3.1  Kalman Filter Estimation ............................................................................ 31 
3.3.2  Kalman Filtering Error Analysis ............................................................... 33 
3.2   Least Squares Estimation ............................... 42 
3.4   Simulation Model ...................................... 44 
3.5   Simulation ............................................ 45 
3.5.1   Simulation Initial Conditions ................................................................... 45 
3.5.2   Simulation Results ...................................................................................... 46 
3.5.3   Simulation Conclusion ............................................................................... 49 
3.6    Concludes Of The Chapter3 ............................. 49 















Navigation System Simulation Implementations  ........... 50 
4.1    Introduction ......................................... 50 
4.2    Integrated Navigation System Modeling ................. 50 
4.3    Analysis Of Kalman Filter Realization And Simulation Results 
Of SINS/GPS Integrated Navigation System ..................... 57 
4.3.1    Structure Of The Output Correction System ..................................... 57 
4.3.2    Trajectory Generator ................................................................................ 59 
4.3.3    Accelerometer ........................................................................................... 59 
4.3.4    Gyro .............................................................................................................. 60 
4.3.5    Conventional Kalman Filter Design .................................................... 60 
4.3.6    Simulation results .................................................................................... 63 
4.4    Concludes Of The Chapter4 ............................. 66 
CHAPTER5 Summary And Outlook ............................ 67 
References ............................................. 68 
Main Achivement Of Scientific Research .................. 72 




































































































































































































































































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
